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U.  S.  De-part ^nent  of  i^griculturo 
We  at  lie  r  3u.reau 
Instruj-ient  Division 


Preliminary  Instructions  for  Measuring  Ceiling 
Heights  with  Projector  and  U.  S.  We.?.t:aGr  Bureau  Tj/lpe 
Clinometer. 

The  weather  Bureau  has  rcccntl3^  received  the  first  lot  of 
clinometers,  instruments  for  -measuring  vertical  angles.  This  partic¬ 
ular  form  of  clinometer  has  heen  designed  and  develoiied  under  the 
persona,!  direction  of  Prof.  Charles  P.  Mon’vin.  Specifically  its  pur¬ 
pose  is  to  measure  the  angular  elevation  from  0*^  to  90°  of  a  spot  oi 
light  projected  on  a  cloud  at  night.  Tne  sigiiting  tube  is  nearl3.'  3 
inches  in  dianeter  at  its  outer  end  in  order  that  not  onl;^  the  light 
spot  on  the  cloud  hut  a  xjortion  of  the  surrounding  dark  sltj"  as  well  naj'’ 
he  included  in  the  field  of  view  for  contrast.  A  pair  of  cross  wires 
aid  the  e^.^e  in  centering  on  the  light  spot,  A  quadrant  with  scale  zero 
to  90  degrees  in  whole  degree  graduations  is  rigidly  attached  to  the  un¬ 
der  side  of  the  tube,  and  a  pendant  is  pivoted  on  a  horizontal  axis  in 
a  wap"  to  permit  it  to  hang  vertically  of  its  own  vrcight  when  the  tube  is 
sighted  on  an  object.  The  zero  line  on  the  pendant  -matches  the  zero  line 
on  the  quadrant  when  the  tube  is  sighted  on  an  object  at  the  saj-ne  level, 
and  raatches  the  90  degree  line  on  the  quadrant  when  it  is  sighted  to 
the  zenith.  A  clutch  operated  by  t-urning  a  milled  head  screw  with  the 
left  hand  damps  the  pendant  in  position  when  a  sight  is  made.  This 
clutch  operates  easily  and  -positively  with  only  slight  pressure.  Ob¬ 
servers  should  practice  until  faniliar  with  its  action.  Reasonohle 
Care  should  be  exercised  not  to  use  too  much  force,  Rea,dings  to  the 
nearest  whole  degree  a,rG  sufficient. 

When  this  device  is  used  the  projector  will  be  adjusted  to  direct 
the  light  to  the  zenith.  The  horizontal  distance  from  the  point  at 
-ifuich  the  observer  stands  to  the  projector  is  known  as  the  base  lino. 

It  ho,s  been  established  on  a  length  of  500  ft.  o,t  many  stations.  The 
ba,so  line  multiplied  by  the  tangent  of  the  angle  of  elevation  of  the 
spot  of  light  a,s  mca,surcd  b;-  the  clinometer  equ-als  the  hei^nt  of  the 
clop-d  or  ceiling.  It  is  not  necessary  tha,t  the  -projector  be  at  the  same 
level  as  the  observer,  a  foa.turc  which  is  likely  to  be  an  advantage  in 
so-fue  installations  where  for  exanple  it  is  expedient  to  place  the  pro¬ 
jector  on  the  roof  of  a  building  or  on  ground  higher  or  lo’wer  than  the 
"position  occupied  by  the  observer.  Furthermore  it  is  not  at  all  necessary 
thef  the  base  line  be  exactly  500  feet,  and  therefore  advantage  mai^  be 
taken  of  local  circu-nstances  favorable  to  a  longer  base;  It  also  be¬ 
comes  a  simde  natter  to  establish  ::iore  than  one  observation  'ooint. 
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Choice  of  a  loase  line;  The  clinoneter  is  graduated  to  whole 
degrees,  and  errors  of  one  degree  or  XDossi'bl37'  two  degrees  arc  con- 
sidorod  likely,  l^ow  if  in  the  accompanying  table  the  cohoinn  of 
heights  for  a  500-foot  base  bo  exaininod  it  v/ill  be  seen  that  the 
change  in  height  uor  degree  increases  rapidly  above  the  60  degree 
IDart  of  the  table.  If,  for  exaionple,  it  is  desired  to  measure  a 
cloud  1800  feet  high,  the  2  degrees  of  uncertainty  in  the  instmunent 
will  result  in  a  corresponding  uncertainty  in  the  height  of  230  feet  for 
a  500-foot  base  line,  150  feet  for  a  1000-foot  base  line,  and  130 
feet  for  a  1500  foGt  base  line. 

From  this  it  is  apparent  that  since  the  accuracy  of  the,  angular 
measurement  is  fixed  by  the  limits  of  the  instinjinent,  the  accuracy  of 
the  height  determination  may  be  increased  by  choosing  a  longer  base, 
line.  Eo’vever  practical  considerations  set  rather  definite  limits. 

It  is  not  ordinarily  wise  to  run  a,n  electric  line  farther  than  500 
feet  because  of  the  cost  and  also  because  there  is  an  important  drop 
in  voltage  on  such  extensions,  sometimes  not  recognized  in  the  selec¬ 
tion  of  the  lamp.  Since  500-foot  electric  extensions  are  already 
installed  at  a  large  number  of  stations  it  seems  best  to  retain  500 
feet  as  the  standard  base  lino  for  the  present.  At  the  same  time  a 
second  observation  point  should  be  established  by  careful  measurement 
1000  feet  distant  horizontally  from  the  projector,  and  the  spot  marked 
for  identification.  The  observer  v/ill  walk  to  the  1000- foot  station 
when  the  clow.ds  arc  found  to  bo  at  a  high  angle. 

A  1500-foot  colnmnn  has  boon  included  in  the  table  for  the  use 
of  a  special  station  located  in  a  valley  near  high  mountains,  where 
the  determination  of  clearance  above  the  mow.ntaln  justifies  the  cm- 
plojmicnt  of  unusual  measures.  However  it  is  believed  that  frcqu-Cnt 
occasions  will  arise  at  other  stations  for  the  use  of  a  1500-foot 
base  line,  and  an  observation  point  is  easily  established. 

It  is  understood  that  'oracticall;'-  all  projectors  can  bo  o.djustcd 
to  project  a  vortical  beam.  Vcrticalitj^  in  transverse  directions  ma.y 
be  checked  by  temporarily^  setting  up  tv'o  polos  v/ith  cross  arms,  and 
sighting  sus'pended  pkunb  lines  against  the  beam. 

For  the  present  these  clinometers  will  be  supplied  only"  to  stevtions 
that  have  projectors  and  le.ck  other  means  of  measuring  angalar  heights. 

3.  C.  Kadel, 

Chief  of  Division 


Washington,  D.  C. 
August  14,  1930. 
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